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(54) Catheter and method of manufacturing the same 



(57) A first linear member (51 ) made of a first resin 
material having a relatively high rigidity is wound in a 
dense spiral in a first region (221 ) and in a sparse spiral 
in a second region (223) of a base tube (4) for a catheter 
(1 ), and a second linear member (52) made of a second 
resin material having a relatively low rigidity is wound in 
a sparse spiral in the first region (221) and in a dense 



spiral in the second region (223) of the base tube (4). 
Then, the first linear member (51 ) and the second linear 
member (52) are melted by heating, followed by solidify- 
ing the molten materials, thereby forming a catheter (1) 
excellent in pushability, torque transmitting capability, 
following capability, kink resistance and safety. 
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Description 

[0001] The present invention relates to a catheter 
inserted Into, for example, a blood vessel for use and a 
method of manufacturing the catheter. 5 
[0002] In general, in performing a selective angiog- 
raphy or angioplasty, used are, for example, an angiog- 
raphy catheter, a guiding catheter, a dilatation catheter 
and an embolotherapy catheter (microcatheter). 
[0003] Such a catheter is required to exhibit an 10 
excellent operability to permit the catheter to be 
inserted promptly and with an ensured selectivity into 
vasculature of a fine complex pattern. 
[0004] The catheter is also required to have an 
outer diameter as small as possible while ensuring a is 
predetermined inner diameter in order to widen the 
range of selection in the insertion region, to alleviate 
strain given to the patient, and to improve the operability 
in inserting the catheter into, for example, a blood ves- 
sel. 20 
[0005] The catheter is required to meet various 
operability including, for example, pushing capability 
(pushability) that the pushing force of the operator for 
moving forward the catheter within a blood vessel can 
be transmitted from the proximal end of the catheter to 25 
the distal end; torque transmitting capability (trackabil- 
ity) that the turning force applied to the proximal end of 
the catheter can be transmitted to the distal end without 
fail; the following capability that the catheter is capable 
of following smoothly and without fail the guide wire pre- 30 
ceding the catheter within a curved blood vessel; and 
kink resistance that, even after the guide wire is with- 
drawn after the distal end of the catheter has reached a 
desired region, the catheter is not kinked in the curved 
portion of the blood vessel. The catheter is also required 35 
to exhibit safety that the distal end of the catheter does 
not damage the inner wall of the blood vessel. 
[0006] In order to obtain a good pushability and a 
good torque transmitting capability, it is desirable for the 
catheter to be formed of a relatively hard material ao 
except the distal end portion. In order to obtain a good 
following capability and safety, it is desirable for the dis- 
tal end portion of the catheter to be formed of a rela- 
tively soft material. 

[0007] As a catheter meeting the above-noted as 
requirements, a catheter prepared by joining unit tubes 
made of different materials disclosed in, for example, 
U.S. patent 5,792,124, and a catheter prepared by 
coextruding a plurality of different kinds of resins, dis- 
closed in, for example, U.S. patent 5,456,674, are so 
known. 

[0008] However, the catheter prepared by joining 
unit tubes made of different materials is likely to be cut 
away because of decrease in the bonding strength at 
the joining portion. To overcome this difficulty, it is nec- ss 
essary to increase the thickness of the tube, i.e., the dif- 
ference between the inner and outer diameters of the 
tube, making it difficult to diminish the outer diameter of 



the tube. Also, stepped portions are formed on the outer 
surface in the joining portions, with the result that the 
inner wall of the blood vessel tends to be damaged 
when the catheter is inserted into the blood vessel. In 
addition, since the rigidity is rapidly changed in the join- 
ing portion, the catheter tends to be kinked at the joining 
portion. In other words, the catheter is not satisfactory in 
the kink resistance. 

[0009] On the other hand, a costly manufacturing 
apparatus is required in the method of manufacturing a 
catheter by the co-extrusion of a plurality of different 
kinds of resins, making the method impractical. 
[0010] An object of the present invention is to pro- 
vide a catheter excellent in operability such as the push- 
ability, the torque transmitting capability, the following 
capability and the kink resistance and a method of man- 
ufacturing the catheter that is advantageous in making 
the catheter small in its outer diameter. 
[0011] According to a first aspect of the present 
invention, there is provided a method of manufacturing 
a catheter having a proximal end, a distal end and a 
tubular member defining an inner lumen extending 
between the proximal end and the distal end, the 
method comprising steps of: preparing a first linear 
member made of a first resin material and a second lin- 
ear member made of a second resin material; disposing 
the first linear member in a dense spiral or mesh in a 
first region of the tubular member and in a sparse spiral 
or mesh in a second region of the tubular member; and 
disposing the second linear member in a sparse spiral 
or mesh in the first region of the tubular member and in 
a dense spiral or mesh in the second region of the tubu- 
lar member. 

[0012] The method of the present invention may fur- 
ther comprise steps of: disposing the first linear mem- 
ber in an intermediate region between the first and 
second regions in a spiral or mesh of a disposing den- 
sity intermediate between the disposing densities in the 
first and second regions; and disposing the second lin- 
ear member in an intermediate region between the first 
and second regions in a spiral or mesh of a disposing 
density intermediate between the disposing densities in 
the first and second regions. 

[0013] In this case, the first region, the intermediate 
region and the second region are arranged in the order 
mentioned as viewed from the proximal end of the cath- 
eter. 

[0014] To be more specific, the method of the 
present invention is performed by, for example, rotating 
the supply source of the first linear member and the 
supply source of the second linear member around the 
tubular member and by adjusting the relative rotating 
speeds of the supply sources of the first and second lin- 
ear members so as to adjust the disposing densities of 
the first and second linear members on the tubular 
member. 

[0015] In the method of the present invention, it is 
desirable for the first linear member to have a flexural 
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rigidity higher than that of the second linear member. 
[0016] The method of the present invention may fur- 
ther comprise steps of: melting at least partially the first 
and second linear members disposed on the tubular 
member so as to mix or fuse the first and second linear 
members; and solidifying the molten portion. 
[0017] The method of the present invention may fur- 
ther comprise a step of covering the first and second lin- 
ear members disposed on the tubular member with a 
heat shrinkable tube and heating the resultant product, 
thereby melting at least partially the first and second lin- 
ear members so as to mix or fuse these first and second 
linear members and solidifying these first and second 
linear members. 

[0018] The method of the present invention may fur- 
ther comprise a step of disposing the first linear mem- 
ber alone in a region on the side of the proximal end 
relative to the first region of the tubular member. 
[0019] The method of the present invention may fur- 
ther comprise a step of disposing the second linear 
member alone in a region on the side of the distal end 
relative to the second region of the tubular member. 
[0020] According to a second aspect of the present 
invention, there is provided a catheter having a proximal 
end, a distal end and a tubular member defining an 
inner lumen extending between the proximal end and 
the distal end, comprising: a first resin layer arranged in 
a first region of the tubular member and consisting of a 
first resin material disposed in a dense spiral or mesh 
and a second resin material disposed in a sparse spiral 
or mesh; and a second resin layer arranged in a second 
region of the tubular member and consisting of the sec- 
ond resin material disposed in a dense spiral or mesh 
and the first resin material disposed in a sparse spiral or 
mesh. 

[0021] The catheter of the present invention may 
further comprise a resin layer arranged in an intermedi- 
ate region between the first region and the second 
region of the tubular member and consisting of the first 
resin material disposed in a spiral or mesh of a dispos- 
ing density intermediate between the disposing densi- 
ties in the first region and the second region and the 
second resin material disposed in a spiral or mesh in a 
disposing density intermediate between the disposing 
densities in the first region and the second region. 
[0022] In the catheter of the present invention, the 
first region, the intermediate region and the second 
region are arranged in the order mentioned as viewed 
from, for example, the proximal end of the tubular mem- 
ber. 

[0023] In the catheter of the construction described 
above, it is possible for a resin layer consisting of the 
first resin material alone to be arranged in a region on 
the side of the proximal end relative to the first region of 
the tubular member. Also, in the catheter of the con- 
struction described above, it is possible for a resin layer 
formed of the second resin material alone to be 
arranged in a region on the side of the distal end relative 



to the second region of the tubular member. 
[0024] In the catheter of the present invention, it is 
possible for second resin layers consisting of the sec- 
ond resin material disposed in a dense spiral or mesh 

5 and the first resin material disposed in a sparse spiral or 
mesh to be arranged in two second regions on the sides 
of the proximal end and the distal end, respectively, rel- 
ative to the first region of the tubular member. In this 
case, the second region on the side of the proximal end, 

w the first region and the second region on the side of the 
distal end are arranged in the order mentioned as 
viewed from the proximal end of the tubular member. 
[0025] In the catheter of the construction described 
above, it is possible for a resin layer consisting of the 

is first resin material alone to be arranged in a region on 
the side of the proximal end relative to the second 
region on the side of the proximal end. Also, in the cath- 
eter of the construction described above, it is possible 
for a resin layer formed of the second resin material 

20 alone to be arranged in a region on the side of the distal 
end relative to the second region on the side of the dis- 
tal end. 

[0026] In the catheter of the present invention, it is 
desirable for the first resin material to have a flexural 

25 rigidity higher than that of the second resin material. 
[0027] In the catheter of the present invention, it is 
possible for the first and second resin layers to be 
formed of the first resin materia! and the second resin 
material that are melted at least partially so as to be 

30 mixed or fused and, then, solidified. In this case, it is 
possible for at least one of the first and second resin 
materials to be melted partially so as to retain the skel- 
eton thereof. 

[0028] In the catheter of the present invention, it is 
35 possible for the first and second resin layers to be 
formed in a region except the distal end portion of the 
tubular member. 

[0029] The catheter of the present invention may 
further comprise a reinforcing layer made of a metal on 

40 the tubular member. It is desirable for the reinforcing 
layer to be consisted of a braided body of a metal wire 
or a metal ribbon. The catheter of the present invention 
may further comprise a low friction layer on the inner 
surface of the tubular member. The catheter of the 

45 present invention may further comprise an outer layer 
formed on the first and second resin layers. 
[0030] Another method for manufacturing a cathe- 
ter of the present invention comprises steps of: prepar- 
ing a first linear member made of a first resin material, a 

so second linear member made of a second resin material, 
and a mandrel; disposing the first linear member in the 
form of a dense spiral or mesh on a first region of the 
mandrel and in the form of a sparse spiral or mesh on a 
second region of the mandrel; disposing the second lin- 

55 ear member in the form of a sparse spiral or mesh on 
the first region of the mandrel and in the form of a dense 
spiral or mesh on the second region of the mandrel; 
melting at least partially the first and second linear 
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members disposed on the mandrel so as to mix or fuse 
the first and second members; solidifying these first and 
second linear members; and drawing out the mandrel, 
thereby forming a catheter comprising a resin layer hav- 
ing a proximal end and a distal end, and defining an 5 
inner lumen extending between the proximal end and 
the distal end. 

[0031] Another catheter of the present invention 
comprises a resin layer having a proximal end and a dis- 
tal end, and defining an inner lumen extending between 10 
the proximal end and the distal end, wherein a first 
region of the resin layer consists of a first resin layer 
constituted by a first resin material formed into a dense 
spiral or mesh and a second resin material formed into 
a sparse spiral or mesh, and a second region of the 15 
resin layer consists of a second resin layer constituted 
by the second resin material formed into a dense spiral 
or mesh and the first resin material formed into a sparse 
spiral or mesh. 

[0032] According to the present invention, two kinds 20 
of resin materials differing from each other in properties 
are used for adjusting the disposing densities so as to 
provide a catheter having a flexural rigidity gradually 
diminished from the proximal end toward the distal end. 
The particular catheter exhibits excellent following 25 
capability, safety and kink resistance. 
[0033] This summary of the invention does not nec- 
essarily describe all necessary features so that the 
invention may also be a sub-combination of these 
described features. 30 
[0034] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a plan view showing a catheter according 35 
to an embodiment of the present invention; 
FIG. 2 is a cross sectional view showing a base 
tube included in the catheter of the present inven- 
tion; 

FIG. 3 is a cross sectional view showing another ao 
example of a base tube used in the catheter of the 
present invention; 

FIG. 4 shows a manufacturing step of the catheter 
of the present invention; 

FIG. 5 shows a manufacturing step of the catheter 45 
of the present invention; 

FIG. 6 shows a manufacturing step of the catheter 
of the present invention; 

FIG. 7 shows a manufacturing step of the catheter 
of the present invention; 50 
FIG. 8 is a plan view showing a winding pattern of 
the first linear member and the second linear mem- 
ber in a region on the side of the proximal end of the 
catheter of the present invention; 
FIG. 9 is a plan view showing a winding pattern of ss 
the first linear member and the second linear mem- 
ber in an intermediate region of the catheter of the 
present invention; 



FIG. 10 is a plan view showing a winding pattern of 
the first linear member and the second linear mem- 
ber in a region on the side of the distal end of the 
catheter of the present invention; 
FIG. 11 is a perspective view showing a method of 
manufacturing a catheter according to another 
embodiment of the present invention; 
FIG. 12 is a plan view showing another example of 
the catheter of the present invention; 
FIG. 13 is a cross sectional view of the catheter 
shown in FIG. 12; 

FIG. 14 is a plan view showing another example of 
the catheter of the present invention; 
FIG. 15 is a cross sectional view of the catheter 
shown in FIG. 14; 

FIG. 1 6 is a plan view showing yet another example 
of the catheter of the present invention; 
FIG. 1 7 shows a manufacturing step of the catheter 
shown in FIG. 16; 

FIG. 1 8 shows a manufacturing step of the catheter 
shown in FIG. 16; and 

FIG. 1 9 shows a manufacturing step of the catheter 
shown in FIG. 16. 

[0035] The catheter and the manufacturing method 
thereof according to various embodiments of the 
present invention will now be described with reference 
to the accompanying drawings. 
[0036] FIG. 1 is a plan view showing the entire int- 
racatheter according to an embodiment of the present 
invention. FIGS. 2 and 3 are cross sectional views each 
showing a base tube used in the catheter of the present 
invention shown in FIG. 1. Further, FIGS. 4 to 7 show 
the manufacturing process of the catheter of the present 
invention. • 

[0037] As shown in FIG. 1 , a catheter 1 has a cath- 
eter main body 2. In this example, the catheter main 
body 2 is divided for the sake of convenience in descrip- 
tion into a main portion 22 and a distal end portion 23 
from the side of the proximal end 21. Further, the main 
portion 22 is divided into a first region 221, an interme- 
diate region 222, and a second region 223 from the side 
of the proximal end 21 . 

[0038] As shown in FIGS. 2 to 7, an inner lumen 3 
extending from the proximal end 21 to the distal end is 
formed within the catheter main body 2. When the cath- 
eter 1 is inserted into a blood vessel, a guide wire is 
inserted into the inner lumen 3. The inner lumen 3 is 
also used as a passageway of a contrast medium or a 
medical solution. 

[0039] As shown in FIG. 6, the main portion 22 of 
the catheter main body 2 comprises a base tube (inner 
layer) 4 as a tubular member and a resin layer 5 sur- 
rounding the base tube 4. As shown in FIG. 7, it is pos- 
sible to form as desired an outer layer 6 surrounding the 
resin layer 5. The distal end portion 23 of the catheter 
main body 2 consists of the base tube 4 alone and does 
not include the resin layer 5. Alternatively, it is possible 
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for the distal end portion 23 to consist of the base tube 
4 and the outer tube 6. 

[0040] As shown in FIG. 1 f a hub 7 is mounted to 
the proximal end 21 of the catheter main body 2. The 
hub 7 acts as an insertion port of a guide wire into the 
inner lumen 3 and as an injection port of a medical solu- 
tion or the like into the inner lumen 3, and also functions 
as a gripper when the catheter is operated. 
[0041] In the present invention, the resin layer 5 is 
formed by using a first linear member (strand or fila- 
ment) 51 made of a first resin material and a second lin- 
ear member (strand or filament) 52 made of a second 
resin material. Each of the first linear member 51 and 
the second linear member 52 is made of a resin mate- 
rial, particularly, a thermoplastic resin. However, these 
first and second linear members 51 and 52 differ from 
each other in properties, e.g., physical properties such 
as the flexural rigidity (flexibility), surface hardness, 
elongation, tensile strength, shear strength, Izod impact 
strength, flexural modulus of elasticity, flexural strength, 
dielectric constant, softening point, melting point, spe- 
cific gravity, water absorption, and hydrophilic property, 
although not limited to those properties. In addition, the 
first and second resin materials differ from each other in 
the above mentioned properties. In this embodiment, 
the first resin material has a flexural rigidity higher than 
that of the second resin material, and thereby, the first 
linear member 51 has a flexural rigidity higher than that 
of the second linear member 52. In other words, the first 
linear member 51 is less flexible than the second linear 
member 52. 

[0042] The resin layer 5 comprises a first resin layer 
formed by arranging the first linear member 51 in a high 
density and the second linear member 52 in a low den- 
sity and a second resin layer formed by arranging the 
first linear member 51 in a low density and the second 
linear member 52 in a high density. Also, it is possible to 
form as desired a resin layer consisting of the first linear 
member 51 arranged in a density intermediate between 
the densities in the first region and the second region 
and the second linear member 52 arranged in a density 
intermediate between the densities in the first region 
and the second region in an intermediate region 
between the first region and the second region. In this 
case, the arranging density of the first linear member 51 
is substantially equal to that of the second linear mem- 
ber 52 in some portion of the intermediate region, 
though the arranging densities of the first and second 
linear members are not particularly limited. The first lin- 
ear member 51 and the second linear member 52 are 
arranged in the form of a spiral or mesh around the 
outer surface of the base tube 4. The case of spirally 
winding the first and second linear members will be 
described first. 

[0043] In the embodiment shown in FIGS. 4 and 5, 
the first linear member 51 and the second linear mem- 
ber 52 are wound around the outer surface of the base 
tube 4 in opposite directions. In this embodiment, the 
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first linear member 51 and the second linear member 52 
are wound in a high density and a low density, respec- 
tively, in the first region 221 of the main portion 22 of the 
catheter main body 2. In the second region 223, how- 

5 ever, the first and second linear members 51 and 52 are 
wound in a low density and a high density, respectively. 
In the intermediate region 222 between the first region 
221 and the second region 223, the first linear member 
51 and the second linear member 52 are wound in sub- 

10 stantially the same density. The arranging densities of 
the first linear member 51 and the second linear mem- 
ber 52 can be changed continuously over the first, inter- 
mediate and second regions or can be changed 
stepwise in more than three steps. 

15 [0044] In this embodiment, the resin layer 5 is not 
formed in the distal end portion 23 of the catheter main 
body 2. In this case, it is possible for a part of the distal 
end portion 23 that does not include the distal end to be 
wound with only one of the first linear member 51 and 

20 the second linear member 52, with the remaining part 
including the distal end not wound with any of the first 
and second linear members 51 and 52. Also, if the sec- 
ond linear member 52 has a very small rigidity (or highly 
flexible), it is possible to wind the second linear member 

25 52 over the entire distal end portion 23 including the dis- 
tal end. Incidentally, it is possible to wind the first linear 
member 51 alone in a region on the side of the proximal 
end relative to the first region 221 of the catheter main 
body 2, though the first linear member 51 wound in this 

30 fashion is not shown in the drawing. In this fashion, 
regions where the first linear member 51 and the sec- 
ond linear member 52 partially differ from each other in 
the arranging density are formed continuously in the 
longitudinal direction of the catheter main body 2. 

35 [0045] It is desirable for the first linear member 51 
and the second linear member 52, which may be left in 
the wound state, to be thermally melted to achieve mix- 
ing or fusing, followed by solidifying by cooling to form a 
resin layer. If the first linear member 51 and the second 

40 linear member 52 are melted and, then, solidified, a flat 
resin layer 5 is formed to cover the outer surface of the 
base tube 4, as shown in, for example, FIG. 6. Inciden- 
tally, it is possible for the first linear member 51 and the 
second linear member 52 not to be melted completely 

45 so as to retain the skeletons of the original linear mem- 
bers to some extent. The first linear member 51 and the 
second linear member 52 as wound around the base 
tube 4 tend to be moved during use of the catheter. On 
the other hand, the resin layer formed by melting and 

so solidifying the first linear member 51 and the second lin- 
ear member 52 is not moved during use of the catheter, 
with the result that the flexural rigidity, flexibility, etc., are 
stabilized in each part of the catheter main body 2. 
[0046] In the catheter 1 of the construction 

55 described above, the flexural rigidity of the catheter 
main body 2 is gradually diminished in the order of the 
first region 221, the intermediate region 222 and the 
second region 223. Therefore, the first region 221 has a 
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sufficient rigidity so as to exhibit excellent pushability 
and torque transmitting capability. Also, if the flexural 
rigidity of the catheter main body 2 is diminished toward 
the distal end, excellent following capability and kink 
resistance can be obtained, which gives very small 5 
stimulus to the inner wall of the bloodvessel. In addition, 
since the resin layer 5 is not formed on the distal end 
portion 23 or on the side of the distal end of the distal 
end portion 23, the distal end portion 23 is highly flexi- 
ble. As a result, it is possible to prevent damaging the 10 
inner wall of the blood vessel (or body cavity) into which 
the catheter 1 is inserted, leading to a very high safety. 
[0047] The resin material of the first linear member 
51 and the second linear member 52 includes, for 
example, thermoplastic resins such as polyesters such 75 
as polyethylene terephthalate and polybutylene tereph- 
thalate, polyolefins such as polyethylene and polypro- 
pylene, polyvinyl chloride, polyamide, polystyrene, 
thermoplastic polyurethane, polycarbonate, ABS resin, 
acrylic resin, polymethyl methacrylate (PMMA), polya- 20 
cetal (PA), polyarylate, polyoxy methylene (POM), high 
tensile polyvinyl alcohol, fluoroplastics, polyvinylidene 
fluoride (PVdF), polytetrafluoroethylene, ethylene- 
saponified vinyl acetate (EVOH), polysulfone, polyether 
sulfone, polyether ketone, polyphenylene oxide, and 25 
polyphenylene sulfide; thermoplastic elastomers such 
as polyamide elastomer, polyester elastomer, poly- 
urethane elastomer, and polyolefin elastomer; polymer 
alloys containing any of these polymers; and a combi- 
nation of at least two of these materials. 30 
[0048] Where the first linear member 51 and the 
second linear member 52 are melted, it is desirable to 
select compatible materials for forming these first and 
second linear members 51 and 52. Combinations of 
compatible resin materials used in the present invention 35 
include, for example, a combination or polyurethane 
and polyamide, a combination of polyamide and polya- 
mide elastomer, a combination of polyethylene or poly- 
propylene and polyolefin elastomer, a combination of 
polyethylene terephthalate and polyester elastomer, a ao 
combination of polyurethane and polyester elastomer, 
and a combination of a high plasticizing polyvinyl chlo- 
ride and a low plasticizing polyvinyl chloride. 
[0049] It is desirable for the first linear member 51 to 
exhibit a flexural modulus of elasticity of 8,000 to 25,000 45 
kg/cm 2 , preferably 10,000 to 15,000 kg/cm 2 . Also, it is 
desirable for the second linear member 52 to exhibit a 
flexural modulus of elasticity of 100 to 4,000 kg/cm 2 , 
preferably 300 to 2,500 kg/cm 2 . Where the flexural mod- 
ulus of elasticity of the first linear member 51 is set at 1 , so 
it is desirable for the flexural modulus of elasticity of the 
second linear member 52 to be 0.004 to 0.5, preferably 
0.02 to 0.17. By setting the flexural modulus of elasticity 
to fall within the range noted above, it is possible to 
improve the pushability, the torque transmitting capabil- 55 
ity, the following capability and the kink resistance in 
good balance. 

[0050] The first linear member 51 and the second 
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linear member 52 may be formed of a single fiber or a 
combined fiber prepared by twisting single fibers. 
[0051] The first linear member 51 and the second 
linear member 52 may be circular in cross section or 
may be formed of a ribbon having a flat cross section. In 
the embodiment shown in FIG. 5, a ribbon is used for 
forming each of the first linear member 51 and the sec- 
ond linear member 52. Also, it is possible for the first lin- 
ear member 51 and the second linear member 52 to be 
different from each other in the cross sectional shape. 
[0052] Where the first linear member 51 and the 
second linear member 52 are circular in cross section, it 
is desirable for each of these linear members to have a 
diameter of 0.01 to 0.5 mm, preferably 0.03 to 0.3 mm. 
Where the first linear member 51 and the second linear 
member 52 are formed of ribbons, it is desirable for the 
ribbon constituting each of these linear members to 
have a width of 0.03 to 5 mm and a thickness of 0.03 to 
0.2 mm. 

[0053] The diameter or width of each of these first 
and second linear members 51 and 52 need not be con- 
stant over the entire length of the catheter, and may be 
changed continuously or stepwise. For example, it is 
possible for the diameter or width of the first linear mem- 
ber 51 having a high rigidity to be diminished from the 
proximal end toward the distal end of the catheter main 
body 2, while increasing the diameter or width of the 
second linear member 52 from the proximal end toward 
the distal end of the catheter main body 2, so as to fur- 
ther change the densities of the first and second linear 
members 51 and 52. 

[0054] The ratio of the first linear member 51 to the 
second linear member 52 in the first region 221 in terms 
of the a real ratio or weight ratio of the first linear mem- 
ber 51 to the second linear member 52 should desirably 
fall within a range of between 1:0.1 and 1:0.95, prefera- 
bly between 1:0.3 and 1:0.7. 

[0055] The ratio of the first linear member 51 to the 
second linear member 52 in the second region 223 in 
terms of the areal ratio or weight ratio of the first linear 
member 51 to the second linear member 52 should 
desirably fall within a range of between 0.1:1 and 
0.95:1, preferably between 0.3:1 and 0.7:1. 
[0056] In the construction shown in the drawing, the 
inner diameter and the outer diameter of each of the 
base tube 4 and the outer layer 6 are set constant. How- 
ever, these inner diameter and outer diameter may be 
changed in the longitudinal direction of the catheter 
main body 2. It is also possible for these sizes to be 
changed partially. 

[0057] For example, it is possible for the outer diam- 
eter of the outer layer 6 to be gradually diminished 
toward the distal end of the catheter main body 2 or for 
the inner diameter of the base tube 2 to be gradually 
increased toward the distal end of the catheter main 
body 2 at the boundary region at which the relationship 
of densities of the first linear member 51 and the second 
linear member 52 of the resin layer 5 are changed or at 
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the boundary region between the distal end portion 23 
and the second region 223. In this construction, the 
thickness of the base tube 4 or the outer layer 6 is grad- 
ually diminished toward the distal end and, thus, the 
rigidity (flexural rigidity) of the catheter main body 2 is 
decreased continuously so as to improve the kink resist- 
ance. 

[0058] The lengths of the first region 221 , the inter- 
mediate region 222 and the second region 223 are not 
particularly limited. In a intracatheter, particularly an 
angiography catheter, as shown in FIG. 1, it is desirable 
for each of the second region 223 and the intermediate 
region 222 to have a length of 50 to 300 mm. On the 
other hand, the length of the first region 221, which dif- 
fers depending on, for example, the kind of the catheter, 
is not particularly limited. 

[0059] The other members constituting the catheter 
of the present invention will now be described. 
[0060] The base tube 4 is made of a flexible mate- 
rial including, for example, polyolef in such as polypro- 
pylene, polyethylene, and ethylene-vinyl acetate 
copolymer, polyamide, polyesters such as polyethylene 
terephthalate (PET) and polybutylene terephthalate 
(PBT), polyurethane, polyvinyl chloride, polystyrene- 
based resins, fluoro plastics such as polytetrafluoroeth- 
ylene and ethylenetetrafluoroethylene copolymer, poly- 
imide, and various elastomers such as polyamide 
elastomer, polyester elastomer, polyurethane elas- 
tomer, polystyrene elastomer, fluorinated elastomer, sil- 
icone rubber and latex rubber. It is also possible to use 
at least two of these compounds in combination. 
[0061] The typical polyamide elastomer is a block 
copolymer consisting of a hard segment such as an 
aliphatic or aromatic polyamide including, for example, 
nylon 6, nylon 64, nylon 66, nylon 610, nylon 612, nylon 
46, nylon 9, nylon 11, nylon 12, N-alkoxymethy {modified 
nylon, hexamethylene diamine-isophthalic acid conden- 
sation polymer, or methaxyloyl diamine-adipic acid con- 
densation polymer, and a soft segment consisting of a 
polymer such as polyester or polyether. It is also possi- 
ble to use a polymer alloy (polymer blend), a graft copol- 
ymer or a random copolymer consisting of polyamide 
and a highly flexible resin, a softened polyamide sof- 
tened with a plasticizer. Further, it is possible to use 
mixture thereof. 

[0062] The typical polyester elastomer used in the 
present invention is a block copolymer between a satu- 
rated polyester such as polyethylene terephthalate or 
polybutylene terephthalate and a polyether or a polyes- 
ter. It is also possible to use a polymer alloy or a sof- 
tened saturated polyester prepared by softening with a 
plasticizer. Further, a mixture of these materials can 
also be used as the polyester elastomer. 
[0063] The base tube 4 shown in the drawings is of 
a single layer structure. However, the base tube 4 may 
also be formed of a plurality of layers. 
[0064] Specifically, a reinforcing layer 41 is formed 
on the outer surface of the base tube 4, as shown in 
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FIG. 2. It is desirable for the reinforcing layer 41 to be 
formed of a braided body constituted by a metal wire 42 
or a metal ribbon made of, for example, a steel wire or a 
stainless steel wire. It is also possible to use a coil made 

5 of a hard material such as a metal or to use a slit tube 
as the reinforcing layer. The reinforcing layer may also 
be arranged on the inner surface of the base tube or 
may be buried within the base tube. Further, the rein- 
forcing layer may be arranged between the resin layers 

70 and the outer layer 6 unlike the construction shown in 
FIG. 2. 

[0065] The reinforcing layer 41 may be formed in an 
arbitrary position in the longitudinal direction of the cath- 
eter main body. For example, the reinforcing layer 41 

15 may be formed over the entire length of the catheter 
main body 2, or may be formed over the entire length of 
the catheter main body 2 except the distal end portion 
23, or may be formed over the entire length of the cath- 
eter main body 2 except the distal end portion 23 and a 

20 part of or entire region of the second region 223. In 
short, the forming position of the reinforcing layer 41 
may be determined appropriately in view of the use and 
required properties of the catheter. 
[0066] As shown in FIG. 3, a low friction layer 43, 

25 which is exposed to the inner lumen 3, is formed on the 
inner surface of the base tube 4. The low friction layer 
43 can be formed of any material as far as the friction of 
the layer 43 exposed to the inner lumen 3 can be sup- 
pressed. For example, it is possible to use poly- 

30 tetrafluoroethylene, perfluoroalkoxy resin, polyethylene 
orpolyimide for forming the low friction layer 43. The low 
friction layer 43 can be formed by, for example, a dip 
coating method. 

[0067] The position of the low friction layer 43 in the 
35 longitudinal direction of the catheter main body is not 
particularly limited, though it is desirable to form the low 
friction layer 43 over the substantially entire length of 
the catheter main body 2. It is also possible to use the 
material of the low friction layer for forming the base 
40 tube 4. 

[0068] A guide wire inserted into the inner lumen 3 
is brought into a sliding contact with the low friction layer 
43. In this case, the sliding resistance is lowered so as 
to facilitate the operation for inserting the catheter 1 into 
45 a blood vessel along the guide wire moving forward of 
the catheter 1 and the operation for drawing the guide 
wire from the catheter 1 . 

[0069] The material used for the outer layer 6, 
which is formed as required, can be the same material 

so as used for the base tube 4. It is desirable for the mate- 
rial of the outer layer 6 to have a Shore D hardness of 
about 40 to B0. As shown in FIG. 7, it is possible to form 
the outer layer 6 not to cover the distal end portion 23 
and the distal end portion of the second region 223 of 

55 the catheter main body 2. In this case, the change in 
rigidity (flexibility) in the axial direction of the catheter 
main body 2 is made more moderate so as to Improve 
the following capability and the kink resistance. 
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[0070] In the present invention, the balance of rigid- 
ity (flexibility) in each region of the catheter main body 2 
depends mainly on the construction of the resin layer 5. 
Therefore, the present invention is advantageous in that 
the materials of the base tube 4 and the outer layer 6 5 
are not restricted in terms of the physical properties 
(particularly, rigidity and hardness) and, thus, can be 
selected from a wide range. 

[0071] In order to permit the position of the catheter 
main body 2 to be visually recognized under fluoro- w 
roentgenography during use of the catheter, it is possi- 
ble to allow the base tube 4 (or the layer constituting the 
tube 4) or the outer layer 6 to contain an X-ray contrast 
medium such as a metal powder of platinum, gold, sil- 
ver, tungsten, or an alloy thereof as well as barium sul- is 
fate, bismuth oxide or a coupling compound thereof. 
Such an X-ray contrast medium may be contained in 
one or both of the linear members 51 and 52. 
[0072] In the present invention, it is desirable for the 
outer surface of the catheter main body 2 to be covered 20 
with a hydrophilic (or water soluble) high molecular 
weight material. In this case, when the outer surface of 
the catheter main body 2 is brought into contact with 
blood or a physiological saline, the friction coefficient is 
lowered and lubricity is imparted to the outer surface of 25 
the catheter main body 2 so as to further improve the 
sliding properties of the catheter main body 2. As a 
result, it is possible to further improve the pushability, 
the following capability, the kink resistance and the 
safety of the catheter. 30 
[0073] The hydrophilic high molecular weight mate- 
rial used in the present invention includes natural or 
synthetic high molecular weight materials and deriva- 
tives thereof. Particularly, it is desirable to use a cellu- 
lose-based high molecular weight material such as 35 
hydroxypropyl cellulose, a polyethyleneoxide-based 
high molecular weight material such as polyethylene 
glycol, a maleic anhydride-based high molecular weight 
material such as a maleic anhydride copolymer like 
methyl vinyl ether-maleic anhydride copolymer, an aery- 40 
lamide-based high molecular weight material such as 
polyacrylamide, and a water-soluble nylon such as AQ- 
nylon P-70 manufactured by Toray Inc. because a low 
friction coefficient can be obtained stably in these mate- 
rials. It is also possible to use a derivative of the water- 45 
soluble high molecular weight material that is made 
insoluble, as far as the molecular chain of the derivative 
has a degree of freedom and the derivative is capable of 
containing water. 

[0074] In order to cover the outer surface of the so 
catheter main body 2 with the hydrophilic high molecu- 
lar weight material, it is desirable for the hydrophilic high 
molecular weight material to form a covalent bond with 
the reactive functional group present in or introduced 
into the outer layer 6 or the surface of the outer layer 6 ss 
(or the resin layer 5 or the surface of the resin layer 5 
where the outer layer 6 is not formed). In this case, it is 
possible to obtain a sustainable lubricating surface. 
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[0075] Any kind of the reactive functional group can 
be used as far as the functional group reacts with the 
high molecular weight material to form a chemical bond 
or crosslinkage so as to be fixed. The specific reactive 
functional groups used in the present invention include, 
for example, diazonium group, azide group, Isocyanate 
group, acid chloride group, acid anhydride group, imino 
carbonate group, amino group, carboxyl group, epoxy 
group, hydroxyl group, and aldehyde group. Particularly, 
it is desirable to use isocyanate group, amino group, 
aldehyde group and epoxy group as the reactive func- 
tional group. 

[0076] The catheter of the present invention suf- 
fices if only it comprises the resin layer 5 formed by 
using at least the first linear member 51 and the second 
linear member 52. A catheter of an embodiment of the 
present invention comprises a resin layer 5 having a 
proximal end and a distal end and defining an inner 
lumen extending between the proximal end and the dis- 
tal end without the aforementioned base tube 4, as 
shown in FIG. 16. 

[0077] Next, a method for manufacturing the cathe- 
ter of the present invention will now be described. In the 
first step, the base tube 4 is manufactured by the ordi- 
nary method. As described previously, it is possible for 
the base tube 4 to include the reinforcing layer 41 and 
the low friction layer 43. 

[0078] The first linear member 51 is spirally wound 
around the outer surface of the base tube 4. To be more 
specific, the first linear member 51 is provided from a 
linear member supply source. On the other hand, the 
base tube 4 is moved in Its axial direction relative to the 
linear member supply source and is relatively rotated 
around its own axis so as to allow the linear member 51 
to be continuously wound around the outer surface of 
the base tube 4. For example, the winding of the first lin- 
ear member 51 is started at the boundary region 
between the distal end portion 23 and the second 
region 223, and the base tube 4 is rotated at a predeter- 
mined speed. The moving speed of the base tube 4 in 
its axial direction is gradually decreased in the winding 
positions in the second region 223, the intermediate 
region 222 and the first region 221. As a result, the 
winding density of the first linear member 51 is 
increased from the distal end portion toward the proxi- 
mal end portion, as shown in FIG. 4. 
[0079] Then, the second linear member 52 is spi- 
rally wound around the base tube 4 having the first lin- 
ear member 51 wound around it in advance by using an 
apparatus equal to the apparatus described above. For 
example, the winding of the second linear member 52 is 
started at the boundary region between the distal end 
portion 23 and the second region 223, and the base 
tube 4 is rotated in the opposite direction at a predeter- 
mined rotating speed. Under this condition, the moving 
speed of the base tube 4 in its axial direction is 
increased stepwise in the second region 223, the inter- 
mediate region 222 and the first region 221 in the order 
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mentioned. In this fashion, the winding density of the 
second linear member 52 is decreased from the distal 
end portion toward the proximal end portion, as shown 
in FIG. 5. 

[0080] The first linear member 51 and the second 
linear member 52 thus wound around the base tube 4 
are melted by heating. When the molten materials are 
solidified by cooling, the flat resin layer 5 is formed on 
the outer surface of the base tube 4, as shown in FIG. 6. 
[0081] The heating can be achieved by, for exam- 
ple, allowing the base tube 4 having the first linear mem- 
ber 51 and the second linear member 52 wound around 
the outer surface to pass through a heat die having an 
opening sized substantially equal to a desired outer 
diameter. Alternatively, it is possible to have the first lin- 
ear member 51 and the second linear member 52 cov- 
ered with a heat shrinkable tube made of, for example, 
a fluoroplastics-based resin. In this case, the heat 
shrinkable tube is thermally shrunk by heating. After the 
heat treatment, the heat shrinkable tube may be 
removed. However, if left unremoved, the heat shrinka- 
ble tube can be used as the outer layer 6. 
[0082] The heating conditions are determined 
appropriately in view of the materials, particularly the 
melting points, of the base tube 4, the first linear mem- 
ber 51 and the second linear member 52. In general, the 
heating should desirably be performed at 100 to 500°C 
for 1 to 15 minutes. 

[0083] During the heating, it is possible for the first 
linear member 51 and the second linear member 52 to 
be melted completely and to be solidified in a uniformly 
mixed or fused state. It is also possible for the first linear 
member 51 and the second linear member 52 to be 
melted at least partially but not fully mixed orfused such 
that at least one of these linear members retains the 
skeleton, that is, retains the shape before the melting to 
some extent in the solidified state after cooling. In an 
embodiment of the present invention, one of the first lin- 
ear member 51 and the second linear member 52, 
which has a lower melting point, is melted, and the other 
linear member having a higher melting point retains the 
original linear shape in part. In this case, the molten 
resin enters the clearance of the linear member retain- 
ing the original shape so as to be solidified. 
[0084] Where the resin material forming the first lin- 
ear member 51 has a melting point and the resin 
material forming the second linear member 52 has a 
melting point T 2 , it is desirable for the difference AT 
between Tj and T 2 , i.e., AT=IT 1 -T 2 I, to be 3 to 
120°C, preferably 5 to 70°C. The difference AT of this 
level makes it possible to obtain easily the- particular 
molten state described above. 

[0085] In the present invention, it is possible to use 
an adhesive or a solvent for fixing the first linear mem- 
ber 51 and the second linear member 52 to the base 
tube 4. 

[0086] After formation of the resin layer 5, the outer 
surface of the resin layer 5 is covered with the outer 



layer 6, as desired. The resin layer 5 can be covered 
with the outer layer 6 by various methods. For example, 
it is possible to use an adhesive or a solvent for fixing 
the outer layer 6 to the base tube 4 having the resin 

5 layer 5 formed thereon. It is also possible to apply a 
thermal fusion or a high frequency fusion of the outer 
layer 6 to the base material 4 having the resin layer 5 
formed thereon. It is also possible to insert the base 
tube 4 having the resin layer 5 formed thereon into the 

;o outer layer 6 expanded by heating or by using a solvent, 
followed by shrinking the outer layer 6. Further, it is pos- 
sible to extrude the outer layer 6 onto the base tube 4 
having the resin layer 5 formed thereon, followed by 
cooling the extrudate for solidification, or to coat the 

15 resin layer 5 formed on the base tube 4 with a solution 
of the outer layer material, followed by evaporating the 
solvent to form the outer layer 6. 
[0087] After the outer surface of the outer layer 6 (or 
the resin layer 5 where the outer layer 6 is not formed) is 

20 covered with a hydrophilic high molecular weight mate- 
rial, as desire, the hub 7 is mounted to the proximal end 
21 of the catheter main body 2 so as to complete prep- 
aration of the catheter 1 of the present invention. 
[0088] It is possible to use another method for man- 

25 ufacturing a catheter of the present invention in which 
the first linear member 51 and the second linear mem- 
ber are wound around a mandrel in place of the base 
tube 4 and finally draw out the mandrel so as to form the 
catheter. In this method, the catheter main body 2 that 

30 does not include the base tube 4 can be obtained. Such 
a method for manufacturing the catheter is described 
with referring to FIGS. 17, 18 and 19. 
[0089] A mandrel 8 used in this method includes a 
metal wire made of, for example, copper, aluminum, 

35 gold, silver and stainless steel. In order to make it easy 
to draw out the mandrel finally, a release agent such as 
silicone oil, fluorinated oil, liquid paraffin or paraffin wax 
may be applied on the outer surface of the mandrel. 
[0090] Next, the first linear member 51 is spirally 

40 wound around the outer surface of the mandrel 8. To be 
more specific, the first linear member 51 is provided 
from a linear member supply source. On the other hand, 
the mandrel 8 is moved in its axial direction relative to 
the linear member supply source and is relatively 

45 rotated around its own axis so as to allow the linear 
member 51 to be continuously wound around the outer 
surface of the mandrel 8. For example, the winding of 
the first linear member 51 is started at the boundary 
region between the distal end portion 23 and the sec- 

so ond region 223, and the mandrel 8 is rotated at a prede- 
termined speed. The moving speed of the mandrel 8 in 
its axial direction is gradually decreased in the winding 
positions in the second region 223, the intermediate 
region 222 and the first region 221. As a result, the 

55 winding density of the first linear member 51 is 
increased from the distal end portion toward the proxi- 
mal end portion, as shown in FIG. 17. 
[0091] Then, the second linear member 52 is spi- 
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rally wound around the mandrel 8 having the first linear 
member 51 wound around it in advance by using an 
apparatus equal to the apparatus described above. For 
example, the winding of the second linear member 52 is 
started at the boundary region between the distal end 5 
portion 23 and the second region 223, and the mandrel 
8 is rotated in the opposite direction at a predetermined 
rotating speed. Under this condition, the moving speed 
of the mandrel 8 in its axial direction is increased step- 
wise in the second region 223, the intermediate region w 
222 and the first region 221 in the order mentioned. In 
this fashion, the winding density of the second linear 
member 52 is decreased from the distal end portion 
toward the proximal end portion, as shown in FIG. 18. 
[0092] The first linear member 51 and the second 15 
linear member 52 thus wound around the mandrel 8 are 
melted by heating. When the molten materials are solid- 
ified by cooling, the flat resin layer 5 is formed on the 
outer surface of the mandrel 8. The heating method, the 
heating conditions, and the molten state of the linear 20 
members are like as the manufacturing method 
described above. 

[0093] After formation of the resin layer 5, the outer 
surface of the resin layer 5 is covered with the outer 
layer 6, as desired. Methods of forming the outer layer 6 25 
include those described with respect to the above man- 
ufacturing method. 

[0094] Then, the mandrel 8 on which the resin layer 
5 is formed is drawn out so as to obtain the shaped 
catheter main body 2. It is possible to use a method of 30 
drawing out the mandrel 8 in which the shaped resin 
layer 5 (and the outer layer 6) is fixed at one end and the 
mandrel 8 is drawn out from the other end. Alternately, 
the mandrel 8 may be stretched to diminish the diame- 
ter, in order to peeling off the shaped resin layer 5 from 35 
the mandrel 8. Then, the shaped resin layer 5 is fixed at 
one end and the mandrel 8 is drawn out from the other 
end. In order to make the mandrel 8 be stretched, the 
mandrel 8 may be fixed at one end and drawn from the 
other end, or the mandrel 8 may be drawn from the both ao 
ends. The extent of stretching given to the mandrel 8 
may be about 1 0 to 30%, and generally set to about 15 
to 25%. 

[0095] In a manner as described above, a catheter 
main body 2 comprising a tubular resin layer 5 having a 45 
proximal end and a distal end and defining an inner 
lumen extending between the proximal end and the dis- 
tal end is formed. A treatment to cover the outer surface 
of the outer layer 6 (or the resin layer 5 where the outer 
layer 6 is not formed) with a hydrophilic high molecular so 
weight material may be performed, if desired. Then, the 
hub 7 is mounted to the proximal end 21 of the catheter 
main body 2 so as to manufacture the catheter 1 of the 
present invention. Incidentally, the treatment to cover 
with the hydrophilic high molecular weight material may 55 
be performed before the mandrel 8 is drawn out from 
the resin layer 5. 

[0096] Needless to say, on the contrary to the 



above description with respect to the winding of the first 
and the second linear members 51 and 52, it is possible 
to start the winding of the first linear member 51 and/or 
the second linear member 52 from the proximal end 
portion of the catheter main body 2. It is also possible to 
change the rotating speed of the base tube 4 or the 
mandrel 8 in the winding positions of the second region 
223, the intermediate region 222 and the first region 
222, with the moving speed of the base tube 4 or the 
mandrel 8 in its axial direction set constant. 
[0097] In the method of the present invention, it suf- 
fices to rotate and move in axial direction the base tube 
4 or the mandrel 8 and the linear member supply source 
relative to each other. Therefore, it is possible to rotate 
the base tube 4 or the mandrel 8 while moving the linear 
member supply source in the axial direction of the base 
tube 4 or the mandrel 8. It is also possible to move the 
base tube 4 or the mandrel 8 in its axial direction while 
rotating the linear member supply source around the 
outer surface of the base tube 4 or the mandrel 8. Fur- 
ther, it is possible to fix the base tube 4 or the mandrel 8 
and to rotate the linear member supply source around 
the outer surface of the base tube 4 or the mandrel 8 
while moving the linear member supply source in the 
axial direction of the base tube 4 or the mandrel 8. Still 
further, these methods can be employed in combina- 
tion. 

[0098] If the first linear member 51 and the second 
linear member 52 are wound by the method described 
above, the first linear member 51 and the second linear 
member 52 can be arranged at desired winding densi- 
ties by simply adjusting the relative moving speed or rel- 
ative rotating speed of the base tube 4 or the mandrel 8 
and the linear member supply source. In other words, 
the rigidity, etc., in each part of the catheter main body 
2 can be adjusted at a desired balance so as to make it 
possible to manufacture easily a catheter having prop- 
erties adapted for the purpose of use and the case of 
the disease to be treated. 

[0099] It is also possible to manufacture easily a 
catheter having the winding densities of the first linear 
member 51 and the second linear member 52 continu- 
ously changed in the axial direction of the catheter main 
body 2 by simply changing continuously the relative 
moving speed or relative rotating speed of the base 
tube 4 or the mandrel 8 and the linear member supply 
source. 

[01 00] In the embodiment described above, the first 
linear member51 is wound first, followed by winding the 
second linear member 52. However, the winding 
method of the two linear members is not particularly lim- 
ited in the present invention. For example, it is possible 
to wind the first linear member 51 and the second linear 
member 52 simultaneously or with a predetermined 
time difference in the same or opposite directions. Alter- 
natively, the second linear member 52 may be wound 
first, followed by winding the first linear member 51 . 
[0101] FIGS. 8 to 1 1 show another embodiment of 
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the present invention in which the first linear member 51 
and the second linear member 52 are arranged around 
the outer surface of the base tube 4 in a mesh configu- 
ration. The first linear member 51 is also made of a resin 
material having a flexural rigidity higher than that of the 5 
resin material forming the second linear member 52 in 
this embodiment, too. In other words, the first linear 
member 51 is less flexible than the second linear mem- 
ber 52. 

[0102] FIGS. 8 to 10 are plan views each showing w 
the patterns of the first linear member 51 and the sec- 
ond linear member 52 in the main portion 22 of the cath- 
eter main body 2. To be more specific, FIGS. 8, 9 and 10 
show the first region 221, the intermediate region 222 
and the second region 223, respectively. is 
[0103] As shown in each of these drawings, the first 
linear member 51 denoted by black lines and the sec- 
ond linear member 52 denoted by white lines are 
braided on the outer surface of the base tube 4 to form 
a mesh structure. In the first region 221, the first and 20 
second linear members 51 and 52 are braided in high 
and low braiding densities, respectively, as shown in 
FIG. 8. In the intermediate region 222, the first and the 
second linear members 51 and 52 are braided in sub- 
stantially the same braiding density, as shown in FIG. 9. 25 
Further, in the second region 223, the first and second 
linear members 51 and 52 are braided in low and high 
braiding densities, respectively, as shown FIG. 10. The 
other construction, the range of the numeral value, the 
function and the effect of this embodiment are substan- 30 
tially equal to those of the embodiment described previ- 
ously and, thus, the description thereof is omitted. 
[0104] Next, a method for manufacturing the cathe- 
ter shown in FIGS. 8 to 1 0 will now be described. In the 
first step, the base tube 4 is prepared by the ordinary 35 
method. As described previously, it is possible for the 
base tube 4 to include the reinforcing layer 41 and the 
low friction layer 43. The first linear member 51 and the 
second linear member 52 are braided to form a mesh on 
the outer surface of the base tube 4. 40 
[0105] FIG. 11 shows an apparatus 10 obtained by 
improving a known braider used for braiding the linear 
members. The linear member arranging apparatus 10 
comprises an inside turntable 1 1 and an outside turnta- 
ble 12, which are rotated concentrically. The base tube 45 
4 is inserted substantially vertically into a central open- 
ing of the inside turntable 1 1 . 

[0106] Four pairs of carriers 13 (eight carriers in 
total), i.e., bobbin-like member for providing the linear 
member, acting a supply source of the first linear mem- so 
ber 51 are mounted on the inside turntable 11. These 
four pairs are arranged 90° apart from each other. Like- 
wise, four pairs of carriers 14 (eight carriers in total), 
acting a supply source of the second linear member 52 
are mounted on the outside turntable 12. These four ss 
pairs are arranged 90° apart from each other It is pos- 
sible for these inside turntable 1 1 and outside turntable 
1 2 to be rotated independent of each other. 



[0107] On the inside turntable 11, the paired two 
carriers 13, which are positioned apart from each other 
in the radial direction of the inside turntable 11, are 
moved in accordance with rotation of the inside turnta- 
ble 1 1 such that the carriers on the inside and outside 
positions are interchanged every time the inside turnta- 
ble 1 1 is rotated by, for example, 90°. Likewise, on the 
outside turntable 12, the paired two carriers 14, which 
are positioned apart from each other in the radiaJ direc- 
tion of the outside turntable 12, are moved In accord- 
ance with rotation of the outside turntable 12 such that 
the carriers on the inside and outside positions are 
interchanged every time the outside turntable 12 is 
rotated by, for example, 90°. 

[0108] The inside turntable 1 1 and the outside turn- 
table 12 are rotated in the same direction while moving 
upward the base tube 4. As a result, eight first linear 
members 51 and eight second linear members 52 (16 
linear members in total) are provided from the carriers 
13 and 1 4, respectively, mounted on the inside turntable 
11 and the outside turntable 12. In this case, the posi- 
tions of the paired carriers 1 3 apart from each other in 
the radial direction of the inside turntable 1 1 are inter- 
changed during rotation of the inside turntable 11, as 
already described. Also, the positions of the paired car- 
riers 14 apart from each other in the radial direction of 
the inside turntable 12 are interchanged during rotation 
of the outside turntable 12. It follows that the first linear 
member 51 and the second linear member 52 are con- 
tinuously wound around the outer surface of the base 
tube 5 to form the resin layer 5 in the form of a braided 
body. 

[0109] Where the moving speed of the base tube 4 
in its axial direction is set constant in the apparatus 10 
described above, the winding densities of the first linear 
member 51 and the second linear member 52 around 
the base tube 4 depend on the rotating speeds (angular 
speeds) of the inside turntable 1 1 and the outside turn- 
table 12, respectively. For example, where the rotating 
speed (angular speed) of the inside turntable 1 1 is set 
higher than that of the outside turntable 12, the first lin- 
ear member 51 and the second linear member 52 are 
wound In high and low winding densities, respectively. 
Where the rotating speed (angular speed) of the inside 
turntable 1 1 Is equal to that of the outside turntable 12, 
the first linear member 51 and the second linear mem- 
ber 52 are wound at substantially the same winding 
density. Further, where the rotating speed (angular 
speed) of the inside turntable 1 1 is set lower than that of 
the outside turntable 12, the first linear member 51 and 
the second linear member 52 are wound in low and high 
winding densities, respectively. 
[0110] After the first and second linear members 51 
and 52 are braided as described above, the braided 
bodies are melted by heating, followed by solidifying the 
molten material by cooling so as to form the resin layer 
5 on the outer surface of the base tube 4. The heating 
method and conditions and the molten state of the linear 
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members are as already described. Then, the outer sur- 
face of the resin layer 5 is covered with the outer layer 6, 
as desired. The covering method of the outer layer 6 is 
as already described. Further, the outer surface of the 
outer layer 6 is covered with a hydrophilic high molecu- 5 
lar weight material, as desired, followed by mounting the 
hub 7 to the proximal end 21 of the catheter main body 
2 so as to manufacture the catheter 1 of the present 
invention. 

[0111] In the case where the first linear member 51 to 
and the second linear member are disposed in a mesh 
configuration, it is possible to use another method in 
which the first linear member 51 and the second linear 
member 52 are braided around a mandrel in place of 
the base tube 4 and finally draw out the mandrel so as 75 
to manufacture the catheter as shown in FIG. 16. in this 
method, the catheter main body 2 that does not include 
the base tube 4 can be obtained. Such a method for 
manufacturing the catheter is described with referring to 
FIG. 11 and FIG. 19. 20 
[0112] A mandrel 8 used in this method includes a 
metal wire made of, for example, copper, aluminum, 
gold, silver and stainless steel. In order to make it easy 
to draw out the mandrel finally, a release agent such as 
silicone oil, fluorinated oil, liquid paraffin or paraffin wax 25 
may be applied on the outer surface of the mandrel. 
[0113] Next, the first linear member 51 and the sec- 
ond linear member 52 are braided around the mandrel 
8. The linear member arranging. apparatus 10 shown in 
FIG. 1 1 can be used for braiding these linear members 30 
as in the aforementioned method. The mandrel 8 is 
inserted substantially vertically into a central opening of 
the inside turntable 1 1 . The inside turntable 1 1 and the 
outside turntable 12 are rotated in the same direction 
while moving upward the mandrel 8. As a result, eight 35 
first linear members 51 and eight second linear mem- 
bers 52 (16 linear members in total) are provided from 
the carriers 13 and 14, respectively, mounted on the 
inside turntable 1 1 and the outside turntable 12. In this 
case, the positions of the paired carriers 13 apart from ao 
each other in the radial direction of the inside turntable 
1 1 are interchanged during rotation of the inside turnta- 
ble 1 1 . Also, the positions of the paired carriers 1 4 apart 
from each other in the radial direction of the inside turn- 
table 12 are interchanged during rotation of the outside 45 
turntable 12. It follows that the first linear member 51 
and the second linear member 52 are continuously 
wound around the outer surface of the mandrel 8 to 
form the resin layer 5 in the form of a braided body. 
[0114] Where the moving speed of the mandrel 8 in so 
its axial direction is set constant, the winding densities 
of the first linear member 51 and the second linear 
member 52 around the mandrel 8 depend on the rotat- 
ing speeds (angular speeds) of the inside turntable 11 
and the outside turntable 1 2, respectively. For example, 55 
where the rotating speed (angular speed) of the inside 
turntable 1 1 is set higher than that of the outside turnta- 
ble 12, the first linear member 51 and the second linear 



member 52 are wound in high and low winding densi- 
ties, respectively. Where the rotating speed (angular 
speed) of the inside turntable 1 1 is equal to that of the 
outside turntable 12, the first linear member 51 and the 
second linear member 52 are wound at substantially the 
same winding density. Further, where the rotating speed 
(angular speed) of the inside turntable 1 1 is set lower 
than that of the outside turntable 12, the first linear 
member 51 and the second linear member 52 are 
wound in low and high winding densities, respectively. 
[01 15] After the first and second linear members 51 
and 52 are braided as described above, the braided 
bodies are melted by heating, followed by solidifying the 
molten material by cooling so as to form the flat resin 
layer 5 on the outer surface of the mandrel 8. The heat- 
ing method and conditions and the molten state of the 
linear members are similar to those in the aforemen- 
tioned method. 

[0116] After the resin layer 5 is formed as described 
above, the outer surface of the resin layer 5 is covered 
with the outer layer 6, as desired. The covering methods 
of the outer layer 6 are similar to those in the aforemen- 
tioned method. 

[01 17] Then, the mandrel 8 on which the resin layer 
5 is formed is drawn out so as to obtain the shaped 
catheter main body 2. The drawing methods of the man- 
drel 8 are similar to those described with respect to the 
case where the first and second linear members 51 and 
52 are arranged spirally. 

[0118] In a manner as described above, a catheter 
main body 2 comprising a tubular resin layer 5 having a 
proximal end and a distal end and defining an inner 
lumen extending between the proximal end and the dis- 
tal end is formed. A treatment to cover the outer surface 
of the outer layer 6 (or the resin layer 5 where the outer 
layer 6 is not formed) with a hydrophilic high molecular 
weight material may be performed, if desired. Then, the 
hub 7 is mounted to the proximal end 21 of the catheter 
main body 2 so as to manufacture the catheter 1 of the 
present invention. Incidentally, the treatment to cover 
with the hydrophilic high molecular weight material may 
be performed before the mandrel 8 is drawn Out from 
the resin layer 5. 

[01 19] As described above, the winding densities of 
the first and second linear members 51 and 52 in the 
first region 221, the Intermediate region 222 and the 
second region 223 can be controlled as desired by con- 
trolling appropriately the rotating speeds (angular 
speeds) of the inside turntable 1 1 and the outside turn- 
table 12. 

[0120] In the case of using the apparatus shown in 
FIG. 1 1, it is possible to arrange the first linear member 
51 and the second linear member 52 at desired winding 
densities by simply controlling appropriately the rotating 
speeds of the carriers 13 and 14 relative to the base 
tube 4 or mandrel 8. It follows that the rigidity in each 
part of the catheter main body 2 can be controlled in a 
desired balance, making it possible to manufacture eas- 
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ily a catheter having characteristics adapted to the pur- 
pose of use and the case of the disease to be cured. 
[0121] It is also possible to manufacture easily a 
catheter In which the winding densities of the first linear 
member 51 and the second linear member 52 are con- 
tinuously changed in the axial direction of the catheter 
main body 2, if the relative rotating speeds of the carri- 
ers 13 and 14 are changed continuously. 
[0122] In the embodiment described above, the 
braiding of the first linear member 51 and the braiding of 
the second linear member 52 are performed simultane- 
ously. However, the braiding method is not particularly 
limited in the present invention. For example, the first 
linear member 51 may be braided first, followed by 
braiding the second linear member 52. By contraries, 
the second linear member 52 may be braided first, fol- 
lowed by braiding the first linear member 51. Further, 
the first linear member 51 and the second linear mem- 
ber 52 may be braided with a predetermined time differ- 
ence. 

[0123] The technical idea of the present invention 
can be applied to various catheters, not limited to an int- 
racatheter described above. Such catheters include, for 
example, a guiding catheter, an angiography catheter, 
various balloon catheters for percutaneous transluminal 
coronary angioplasty (PTCA), for percutaneous translu- 
minal angioplasty (PTA), for IABP, etc., an ultrasonic 
catheter, an atelectomy catheter, a catheter for an endo- 
scope, an indwelling catheter, a catheter for administra- 
tion of a medical solution, and an embolotherapy 
catheter (microcatheter) that is introduced into organs 
such the brain and the liver. 

[0124] Next, a guiding catheter according to the 
present invention will be described. The guiding cathe- 
ter is used for introducing a therapeutic catheter or a 
diagnostic catheter into a region in the vicinity of an 
aimed region with a body cavity. 
[0125] FIG. 12 is a plan view showing an embodi- 
ment of a guiding catheter according to the present 
invention. FIG. 13 is a vertical cross sectional view of 
the guiding catheter shown in FIG. 12 in which the distal 
portion having a curved shape is depicted as is 
stretched linearly. The guiding catheter 1 shown in 
these drawings is for the left coronary arteries and has 
a curved distal end of a so-called Judkins type. In FIG. 
1 2, the catheter main body 2 of the guiding catheter 1 is 
divided into a region 22, a region 23, a region 24, a 
region 25 and a region 26 as viewed from the proximal 
end 21 . The guiding catheter 1 is designed such that the 
most greatly curved region 24 has a rigidity higher than 
those of the adjacent regions 23 and 25, i.e., the rigidity 
close to that of the region 22, in order to impart to the 
guiding catheter 1 back-up force for moderating the 
counteraction generated by insertion of a therapeutic 
catheter or a diagnostic catheter. 
[0126] The technical idea of the present invention 
can also be applied to a guiding catheter having another 
curved shape such as an Ampratz type or to a guiding 



catheter used for other diseased portions such as right 
coronary arteries or the head portion. 
[0127] As shown in FIG. 12, the catheter 1 com- 
prises the catheter main body 2, the hub 7 mounted to 

5 the proximal end 21 of the catheter main body 2, and a 
Y-connector 70. The inner lumen 3 is formed inside the 
catheter main body 2 in a manner to extend from the 
proximal end 21 to the distal end. The guide wire and 
other medical instrument such as a PTCA dilatation 

10 catheter are introduced through a port 72 of the Y-con- 
nector 70 so as to be inserted into the inner lumen 3 of 
the catheter main body 2 through the inner lumens of 
the Y-connector 70 and the hub 7. A tubular branched 
portion 71 is formed in the Y-connector 70. The 

is branched portion 71 is used for injecting an x-ray con- 
trast medium into a desired region within a blood vessel. 
The X-ray contrast medium injected through the 
branched portion 71 is discharged from an opening at 
the distal end through the inner space of the Y-connec- 

20 tor 70 and the inner lumen 3 of the catheter main body 
2. The outer diameter of the catheter main body 2, 
which is smaller than the diameter of the ostium 1 of the 
coronary arteries, is not larger than 10 Fr (3.33 mm). As 
shown in FIG. 13, the catheter main body 2 consists of 

25 the base tube 4, the reinforcing layer 41 formed on the 
outer surface of the base tube 4 and the resin layer 5 
covering the outer surface of the reinforcing layer 41 . 
[0128] As described previously, the catheter main 
body 2 is divided into five regions of the region 22, the 

30 region 23, the region 24, the region 25 and the region 26 
as viewed from the proximal end 21. The first linear 
member having a relatively high rigidity and the second 
linear member having a relatively low rigidity are used 
for forming the resin layer 5 in each of these regions 22 

35 to 26. Specifically, these first and second linear mem- 
bers are wound spirally as shown in FIGS. 4 and 5 or to 
form a mesh as shown in FIGS. 8 to 1 0 around the base 
tube 4, followed by melting and, then, solidifying the 
molten material so as to form the resin layer 5. 

40 [0129] To be more specific, each region of the guid- 
ing catheter in this embodiment is constructed as fol- 
lows. Specifically, the resin layer 5 in the region 22 is 
formed by arranging the first linear member alone 
around the base tube 4. The resin layer 5 in the region 

45 23 is formed by arranging the first linear member in a 
low arranging density and the second linear member in 
a high arranging density around the base tube 4. The 
resin layer 5 in the region 24 is formed by arranging the 
first linear member in a high arranging density and the 

so second linear member in a low arranging density 
around the base tube 4. The resin layer 5 in the region 
25 is formed by arranging the first linear member in a 
low arranging density and the second linear member in 
a high arranging density around the base tube 4. Fur- 

55 ther, the resin layer 5 in the region 26 is formed by 
arranging the second linear member alone around the 
base tube 4. 

[0130] Because of the particular construction 
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described above, the region 22 has a sufficient flexural 
rigidity, and the region 26 is highly flexible, leading to a 
high safety. On the other hand, in the regions 23, 24 and 
25 interposed between the region 22 and the region 26, 
the flexural rigidity is lower than that in the region 22 and 5 
higher than that in the region 26. As a result, a rapid 
change in the flexural rigidity is prevented from the 
region 22 over the region 26. Also, the region 24 has a 
rigidity higher than that of the adjacent regions 23 and 
24. Therefore, the region 24 imparts to the catheter w 
main body 2 a back-up force for moderating the counter- 
action generated by the insertion of, for example, a ther- 
apeutic catheter so as to make it possible to introduce 
smoothly the therapeutic catheter to a desired region. 
[0131] It is desirable to change gradually the 15 
arranging densities of the first and second linear mem- 
bers at the boundaries between adjacent regions in the 
regions 22 to 26 so as to make the change in the flexural 
rigidity more moderate. 

[0132] In this embodiment it is desirable for the first 20 
linear member to be made of a resin material having a 
flexural modulus of elasticity of 14,000 to 15,500 kg/cm 2 
and a Shore D hardness of 65 to 74. Also, it is desirable 
for the second linear member to be made of a resin 
material having a flexural modulus of elasticity of 1 50 to 25 
520 kg/cm 2 and a Shore D hardness of 29 to 38. 
[0133] Concerning the densities of the first linear 
member and the second linear member in the regions 
23 and 25, it is desirable for the areal ratio or weight 
ratio of the first linear member to the second linear 30 
member to fall within a range of between 1 :9 and 5;5, 
preferably between 2:8 and 3:7. 

[0134] Concerning the densities of the first linear 
member and the second linear member in the region 24, 
it is desirable for the areal ratio or weight ratio of the first 35 
linear member to the second linear member to fall within 
a range of between 9:1 and 5:5, preferably between 8:2 
and 7:3. 

[0135] The first and second linear members wound 
or braided around the base tube 4 and the reinforcing ao 
layer 41 are at least partially melted by heating and, 
then, solidified to form the resin layer 5. The heating 
method and the heating conditions and the molten state 
of the linear members are as described previously. 
Therefore, it is desirable for the first and second linear as 
members to be compatible with each other. Suitable 
combinations of the first and second linear members 
include, for example, a combination or polyurethane 
and polyamide, a combination of polyamide and-polya- 
mide elastomer, a combination of polyethylene or poly- so 
propylene and polyolefin elastomer, a combination of 
polyethylene terephthalate and polyester elastomer, a 
combination of polyurethane and polyester elastomer, 
and a combination of a high plasticizing polyvinyl chlo- 
ride and a low plasticizing polyvinyl chloride. In particu- ss 
lar, a combination of polyamide having a high rigidity 
and polyamide elastomer having a low rigidity and a 
combination of polyurethane having a high rigidity and 



polyester elastomer having a low rigidity are suitable. 
[0136] It is desirable for the resin layer 5 to have a 
thickness of 10 to 150 um The thickness of the resin 
layer 5, i.e., outer diameter of the catheter main body 2, 
need not be constant over the entire length of the cath- 
eter 1 . For example, if the outer diameter of the catheter 
1 in a region on the side of the proximal end is made 
larger than that in a region on the side of the distal end 
portion, it is possible to improve the flexural rigidity. 
[0137] The lengths of the regions 22 to 26, which 
depend on the shape, kind, etc., of the catheter, are not 
particularly limited. When it comes to a guiding catheter 
for the left coronary arteries of Judkins type as shown in 
the drawing, it is desirable for the lengths of these 
regions to be set as follows. Specifically, it is desirable 
for the length of the region 22 to be 500 to 1 000 mm, for 
the length of the region 23 to be 80 to 150 mm, for the 
length of the region 24 to be 20 to 80 mm, for the length 
of the region 25 to be 5 to 20 mm, and for the length of 
the region 26 to be 2 to 15 mm. 
[0138] In this embodiment, the rigidity of the region 
24 is made higher than that of each of the regions 23 
and 25 in order to improve the back-up force. However, 
it is also possible to change gradually the densities of 
the first and second linear members over the regions 23 
to 25 such that the rigidity is gradually changed from 
that similar to the region 22 on the side of the proximal 
end to that similar to the region 26 on the side of the dis- 
tal end. The manner of the change in the rigidity may be 
continuous or stepwise. 

[0139] The other members of the catheter of the 
present invention will now be described. 
[0140] The base tube 4, which defines the inner 
lumen 3, is made of a low friction material. Since the 
inner surface of the base tube 4 has a low friction, it is 
possible to decrease the sliding resistance of the guide 
wire, dilatation catheter or the like inserted into the inner 
lumen 3. It follows that it is possible to perform easily 
and smoothly the operation for inserting the catheter 1 
into a blood vessel along the preceding guide wire and 
the operation for drawing out the guide wire from the 
catheter 1. 

[0141] It is possible to use any material for forming 
the base tube 4 as far as the friction of the Inner surface 
can be lowered. For example, it is possible to use a 
fluoroplastics, nylon 66, polyether ether ketone, polyeth- 
ylene or polyamide for forming the base tube 4. In par- 
ticular, the fluoroplastics is more preferable. 
[0142] The fluoroplastics includes, for example, pol- 
ytetrafluoroethylene, polyvinylidene fluoride, ethylene- 
tetrafluoroethylene copolymer, and peril uoroalkoxy 
resin. In particular, polytetrafluoroethylene is more pref- 
erable. 

[0143] The thickness of the base tube 4 is not par- 
ticularly limited in the present invention, though it is 
desirable for the thickness of the base tube 4 to be not 
larger than 50 ujti, particularly not larger than 40 ujn. If 
the thickness of the base tube 4 is unduly large, ft is dif- 
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ficult to diminish the diameter of the catheter main body 
2. 

[0144] As shown in FIG. 13, it is desirable for the 
base tube 4 not to be arranged in a region ranging 
between an intermediate portion of the region 26 and 5 
the distal end. In this construction, the flexibility in the 
distal end portion of the catheter main body 2 is 
improved so as to prevent the inner wall of a blood ves- 
sel from being damaged, leading to an improved safety. 
[0145] The reinforcing layer 41 is formed on the 
outer surface of the base tube 4. It is desirable for the 
reinforcing layer 41 to be formed of, for example, a 
braided body of a metal wire such as a steel wire or a 
stainless steel wire in view of the pushability, the torque 
transmitting capability, the kink resistance and the pres- 
sure resistance. Other examples of the reinforcing layer 
41 include, for example, a coil of a hard material such as 
a metal and a slit tube made of a hard material such as 
a metal. 

[0146] The metal wire constituting the reinforcing 
layer 41 is not limited to a wire having a circular cross 
section as shown in the drawing. It is also possible to 
use a metal ribbon having a flat cross section. It is desir- 
able for the metal wire having a circular cross section to 
have a diameter of 1 0 to 70 urn, preferably 30 to 50 um. 
It is desirable for the metal ribbon to have a width of 1 00 
to 200 um and a thickness of 1 0 to 50 um. 
[0147] The reinforcing layer 41 extends from a point 
a predetermined distance away from the distal end of 
the base tube 4 to cover a region on the side of the prox- 
imal end of the region 26, and the regions 25, 24, 23 
and 22. Since the reinforcing layer 41 is not arranged to 
cover a region on the side of the distal end of the region 
26, the flexibility is improved in the distal end portion of 
the catheter main body 2 so as to prevent the inner wall 
of a blood vessel from being damaged, leading to ah 
improved safety. 

[0148] It is possible to add an X-ray contrast 
medium containing, for example, a metal powder made 
of platinum, gold, silver, tungsten or an alloy thereof, 
barium sulfate, bismuth oxide or a coupling agent 
thereof to the first linear member, the second linear 
member or the base tube 4. In this case, the position of 
the catheter main body 2 can be visually recognized 
under fluororoentgenography during use of the catheter. 
[0149] A microcatheter (embolotherapy catheter) of 
the present invention will now be described. The micro- 
catheter is used for administering various therapeutic 
medicines, thrombolic materials, contrast media, etc., 
into desired regions of the brain and abdomen organs. 
[0150] FIG. 14 is a plan view showing a microcath- 
eter according to an embodiment of the present inven- 
tion, and FIG. 1 5 is a vertical cross sectional view of the 
catheter shown in FIG. 14. 

[0151] As shown in FIG. 14, the catheter 1 com- 
prises the catheter main body 2, and the hub 7 mounted 
to the proximal end 21 of the catheter main body 2. The 
inner lumen 3 is formed within the catheter main body 2 



in a manner extending from the proximal end 21 to the 
distal end. When the catheter 1 is inserted into a blood 
vessel, a guide wire is inserted into the inner lumen 3. 
The inner lumen 3 is also used as a fluid passageway of 
an X-ray contrast medium, a medical solution, etc. As 
shown in FIG. 15, the catheter main body 2 comprises 
the base tube 4, the reinforcing layer 41 formed on the 
outer surface of the base tube 4, and the resin layer 5 
formed on the outer surface of the reinforcing layer 41 . 
[0152] In FIG. 14, the catheter main body 2 is 
divided into the region 22, the region 23, the region 24, 
the region 25 and the region 26 in the order mentioned 
as viewed from the proximal end 21 . The resin layer 5 in 
each of these regions is formed by arranging each of a 
first linear member having a relatively high rigidity and a 
second linear member having a relatively low rigidity in 
a spiral form as shown in FIGS. 4 and 5 or in a mesh 
form as shown in FIGS. 8 to 10, followed by melting and, 
then, solidifying these first and second linear members. 
[0153] To be more specific, each region of the 
microcatheter in this embodiment is constructed as fol- 
lows. Specifically, the resin layer 5 in the region 22 is 
formed by arranging the first linear member alone 
around the base tube 4. The resin layer 5 in the region 
23 is formed by arranging the first linear member in a 
high arranging density and the second linear member in 
a low arranging density around the base tube 4. The 
resin layer 5 in the region 24 is formed by arranging the 
first and second linear members in the intermediate 
arranging densities relative to those in the regions 23 
and 25 around the base tube 4. The resin layer 5 in the 
region 25 is formed by arranging the first linear member 
in a low arranging density and the second linear mem- 
ber in a high arranging density around the base tube 4. 
Further, the resin layer 5 in the region 26 is formed by 
arranging the second linear member alone around the 
base tube 4. 

[0154] Because of the particular construction 
described above, the region 22 has a sufficient flexural 
rigidity, and the region 26 is highly flexible, leading to a 
high safety. Also, the flexural rigidity of the catheter main 
body 2 is gradually diminished from the proximal end 
portion toward the distal end portion in the order of the 
regions 22, 23, 24, 25 and 26, making it possible to 
obtain excellent following capability and kink resistance. 
[0155] Within each region, the arranging density of 
each of the first linear member and the second linear 
member may be set constant, though it is desirable to 
change gradually in the longitudinal direction of the 
catheter the arranging density of each of the first linear 
member and the second linear member in the boundary 
region between adjacent regions within the regions 22 
to 26 so as to make the change in the flexural rigidity 
more moderate. Further, it is desirable to change contin- 
uously or stepwise the ratio of the first linear member to 
the second linear member within the regions 23, 24 and 
25 so as to decrease more continuously the flexural 
rigidity of the catheter main body 2 toward the distal end 
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of the catheter. 
[0156] In this embodiment, it is desirable for the first 
linear member to be made of a resin material having a 
flexural modulus of elasticity of 1 4,000 to 1 5,500 kg/cm 2 
and a Shore D hardness of 65 to 74. Also, it is desirable 5 
for the second linear member to be made of a resin 
material having a flexural modulus of elasticity of 150 to 
520 kg/cm 2 and a Shore D hardness of 29 to 38. 
[0157] Concerning the arranging density of each of 
the first linear member and the second linear member in 10 
the region 23, it is desirable for the areal ratio or weight 
ratio of the first linear member to the second linear 
member to fall within a range of between 40:60 and 
99:1, preferably between 50:50 and 95:5. 
[0158] Concerning the arranging density of each of 75 
the first linear member and the second linear member in 
the region 24, it is desirable for the areal ratio or weight 
ratio of the first linear member to the second linear 
member to fall within a range of between 20:80 and 
60:40, preferably between 30:70 and 50:50. 20 
[0159] Further, concerning the arranging density of 
each of the first linear member and the second linear 
member in the region 25, it is desirable for the areal ratio 
or weight ratio of the first linear member to the second 
linear member to fall within a range of between 1 :99 and 2s 
40:60, preferably between 5:95 and 30:70. 
[0160] The first and second linear members 
arranged on the base tube 4 and the reinforcing layer 41 
are at least partially melted by heating and, then, solidi- 
fied to form the resin layer 5. The heating method, the 30 
heating conditions and the molten state of the linear 
members are as already described. Therefore, it is 
desirable to select the resin materials of the first and 
second linear members compatible with each other. 
Suitable combinations of the first and second linear 35 
members include, for example, a combination of polya- 
mide having a high rigidity and polyamide elastomer 
having a low rigidity, and a combination of polyurethane 
having a high rigidity and polyester elastomer having a 
low rigidity. 40 
[0161] It is desirable for the resin layer 5 to have a 
thickness of 50 to 200 u.m. The thickness of the resin 
layer 5, i.e., the outer diameter of the catheter main 
body 2, may not be constant over the entire length of the 
catheter 1. For example, if the outer diameter of the 45 
catheter 1 in a region on the side of the proximal end is 
made larger than that in a region on the side of the distal 
end, the flexural rigidity can be increased. 
[0162] The lengths of the regions 22 to 26, which 
are set appropriately depending on the shape, kind, so 
etc., of the catheter, are not particularly limited in the 
present invention. When it comes to the microcatheter 
shown in the drawings, it is desirable for the region 22 to 
be 750 to 1 300 mm long, for the region 23 to be 5 to 1 00 
mm long, for the region 24 to be 5 to 100 mm long, for 55 
the region 25 to be 1 00 to 300 mm long, and for the 
region 26 to be 5 to 100 mm long. 
[0163] The other members of the microcatheter of 
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the present invention will now be described. 
[0164] The base tube 4, which defines the inner 
lumen 3, is made of a low friction material. Since the 
inner surface of the base tube 4 has a low friction, it is 
possible to decrease the sliding resistance of the guide 
wire, the dilatation catheter, etc., inserted into the inner 
lumen 3. It follows that it is possible to perform easily 
and smoothly the operation for inserting the catheter 1 
into a blood vessel along the preceding guide wire and 
the operation for drawing out the guide wire from the 
catheter 1 . 

[01 65] The base tube 4 can be formed of any mate- 
rial as far as it is possible to decrease the friction on the 
inner surface of the base tube 4. For example, it is pos- 
sible to use fluoroplastics, nylon 66, polyether ether 
ketone, polyethylene or polyimide. Particularly, fluoro- 
plastics is more preferable. 

[01 66] The fluoroplastics used in the present inven- 
tion includes, for example, polytetrafluoroethylene, poly- 
vinylidene fluoride, and perfluoroalkoxy resin. 
Particularly, polytetrafluoroethylene is more preferable. 
[0167] The thickness of the base tube 4 is not par- 
ticularly limited, though it is desirable for the thickness of 
the base tube 4 to be not larger than 50 urn, preferably 
not larger than 40 \um. If the base tube 4 is unduly thick, 
it is difficult to diminish the diameter of the catheter main 
body 2. 

[0168] In FIG. 15, the base tube 4 is arranged to 
extend over the entire length of the catheter main body 
2. However, it is not absolutely necessary for the base 
tube 4 to extend over the entire length of the catheter 
main body 2. For example, it is possible for the base 
tube 4 not to be present in a region ranging between an 
intermediate portion of the region 26 and the distal end. 
[0169] The reinforcing layer 41 for reinforcing the 
catheter main body 2 is formed on the outer surface of 
the base tube 4. In this embodiment, the reinforcing 
layer 41 is formed of a coil. Alternatively, the reinforcing 
layer 41 may be formed of a braided body of a metal 
wire, a slit metal tube or the like. It is also possible to use 
a braided body and a coil in combination: For example, 
a braided body is formed on the side of the proximal end 
and the coil is formed on the side of the distal end of the 
base tube 4. Further, it is possible to laminate the 
braided body and the coil on the outer surface of the 
base tube 4. 

[0170] A metal or a non-metallic material can be 
used for forming the coil. For example, it is possible to 
wind spirally a metal material to form the coil, to wind 
spirally a non-metallic material to form the coil, or to 
wind spirally a laminate' structure consisting of a metal 
layer and a non-metal layer to form the coil. 
[0171] The metal material includes, for example, 
stainless steel, nickel-titanium alloy, platinum, iridium 
and tungsten. These metal materials can be used singly 
or in combination. 

[0172] The non-metal material Includes, for exam- 
ple, carbon, polyamide, polyethylene terephthalate, and 
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polybutylene terephthalate. These materials can be 
used singly or in combination. 

[0173] The winding pitch of the coil, which Is not 
particularly limited, should desirably be 2 mm or less, 
preferably 0.02 to 0.5 mm. Where the winding pitch of 5 
the coil falls within the range noted above, an appropri- 
ate rigidity can be imparted to the catheter main body 2. 
It is not absolutely necessary for the winding pitch of the 
coil to be uniform over the entire length of the catheter. 
In other words, the winding pitch can be changed appro- 
priately depending on the region of the catheter main 
body. 

[0174] The metal wire constituting the reinforcing 
layer 41 is not limited to a wire having a circular cross 
section. It is possible to use, for example, a metal ribbon 
having a flat cross section for forming the reinforcing 
layer 41 . It is desirable for the metal wire having a circu- 
lar cross section to have a diameter of 0.03 to 0.06 mm, 
preferably 0.04 to 0.05 mm. On the other hand, the 
metal ribbon should desirably have a width of 0.1 to 1 .0 
mm and a thickness of 0.01 to 0.05 mm. 
[0175] The reinforcing layer 41 consisting of such a 
coil or a braided body produces a sufficient reinforcing 
effect even if the reinforcing layer 41 is relatively thin. 
Therefore, the catheter main body 2 having the reinforc- 
ing layer 41 is advantageous in diminishing the diame- 
ter. 

[0176] In this embodiment, a marker 44 opaque to 
an X-ray is arranged in that portion of the region 26 on 
the side of the distal end. The marker 44 opaque to the 
X-ray is arranged in order to visually confirm the posi- 
tion of the catheter main body 2 under the fluororoent- 
genography when the catheter main body 2 is inserted 
into a blood vessel. The marker 44 may have any form 
such as a coil or a ring. It is possible to arrange the 
marker 44 opaque to the X-ray in an optional position 
within the reinforcing layer 41. Also, it is possible to 
arrange the marker 44 in a single or a plurality of posi- 
tions. In this embodiment, the X-ray opaque marker 44 
is formed in a single position closer to the distal end 
than the reinforcing layer 41 in the form of a coil having 
a small winding pitch. 

[0177] The material of the X-ray opaque marker 44 
Includes, for example, gold, platinum, iridium, tungsten 
and an alloy thereof. These materials can be used sin- 
gly or in combination. 

[0178] Incidentally, if a coil of, for example, tungsten 
is used as the reinforcing layer 4 and the winding pitch 
of the coil in a region on the side of the distal end is set 
at, for example, 0.05 mm or less, the particular portion 
of the reinforcing layer 41 can be used as the marker 44 
opaque to the X-ray. In this case, the reinforcing layer 41 
and the X-ray opaque marker 44 can be formed of the 
same wire or ribbon. 

[0179] Also, it is possible to add an X-ray contrast 
medium containing a metal powder of, for example, plat- 
inum, gold, silver, tungsten or an alloy thereof, barium 
sulfate, bismuth oxide or a coupling compound thereof 



to the first linear member, the second linear member or 
the base tube 4. 

[0180] In the catheter 1 In this embodiment, it is 
desirable to cover the surface of the catheter main body 
2, i.e., the surface on the side of at least the distal end 
of the resin layer 5, with a hydrophilic high molecular 
weight material (not shown). In this case, lubricity is 
obtained when the outer surface of the catheter main 
body 2 is brought into contact with a liquid. material such 
as blood or a physiological saline so as to decrease the 
frictional resistance of the catheter main body 2 and, 
thus, to further improve the sliding properties. As a 
result, the operability, particularly, the pushability, follow- 
ing capability, kink resistance and safety, can be further 
improved in the step of the catheter insertion. 
[0181] On the other hand, the proximal end portion 
of the catheter main body 2 is manually operated in the 
step of inserting the catheter 1 into a blood vessel. If the 
catheter main body 2 slides within the operator's hand 
in inserting the catheter 1 into a blood vessel, the oper- 
ability of the catheter 1 is lowered. Therefore, it is desir- 
able for, for example, 150 to 500 mm of the proximal end 
portion of the catheter main body 2 not to be covered 
with a hydrophilic high molecular weight material. 
[0182] The hydrophilic high molecular weight mate- 
rial includes, for example, a natural or synthetic high 
molecular weight material and derivatives thereof. Par- 
ticularly, it is desirable to use a cellulose-based high 
molecular weight material such as hydroxypropyl cellu- 
lose, a polyethylene oxide-based high molecular weight 
material such as polyethylene glycol, a maleic anhy- 
dride-based high molecular weight material such as 
maleic anhydride copolymer like methyl vinyl ether- 
maleic anhydride copolymer, an acrylamide-based high 
molecular weight material such as polyacrylamide, a 
water-soluble nylon such as AQ-nylon P-70 manufac- 
tured by Toray Inc. because a low friction coefficient can 
be obtained stably in these materials. A maleic anhy- 
dride-based high molecular weight material is used in 
the present invention as the most desirable hydrophilic 
high molecular weight material. Further, the derivative 
prepared by making the water-soluble high molecular 
weight material insoluble can also be used as far as the 
molecular chain has a degree of freedom and the deriv- 
ative is capable of absorbing water. 
[0183] In orderto have the outer surface of the cath- 
eter main body 2 covered with a hydrophilic high molec- 
ular weight material, it is desirable for the high molecular 
weight material to form a covalent bond with the reactive 
functional group present in or introduced into the resin 
layer 5 or the surface of the resin layer 5. In this case, it 
is possible to obtain a sustainable lubricating surface. 
[0184] Any type of the reactive functional group can 
be used as far as the functional group performs reaction 
with the hydrophilic high molecular weight material to 
form a chemical bond or crosslinkage. The reactive 
functional group employed includes, for example, diazo- 
nium group, azide group, Isocyanate group, acid chlo- 
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ride group, acid anhydride group, imino carbonate 
group, amino group, carboxyl group, epoxy group, 
hydroxyl group, and aldehyde group. Particularly, it is 
desirable to employ isocyanate group, amino group, 
aldehyde group and epoxy group as the reactive tunc- 5 
tional group. 

Claims 

1 . A method for manufacturing a catheter (1 ) compris- 10 
ing a tubular member (4) having a proximal end and 

a distal end, and defining an inner lumen extending 
between the proximal end and the distal end, the 
method characterized by comprising steps of: 

15 

preparing a first linear member (51) made of a 
first resin material and a second linear member 
(52) made of a second resin material; 
disposing said first linear member (51) in the 
form of a dense spiral or mesh on a first region 20 
(221) of said tubular member (4) and in the 
form of a sparse spiral or mesh on a second 
region (223) of said tubular member (4), 
thereby forming a first resin layer; and 
disposing said second linear member (52) in 25 
the form of a sparse spiral or mesh on the first 
region (221) of said tubular member (4) and in 
the form of a dense spiral or mesh on the sec- 
ond region (223) of said tubular member (4), 
thereby forming a second resin layer. so 

2. The method according to claim 1 , characterized by 
further comprising steps of: 

disposing said first linear member (51) in an 35 
intermediate region (222) between said first 
region (221) and said second region (223) in a 
disposing density intermediate between the 
disposing densities in the first region (221) and 
second region (223); and AO 
disposing said second linear member (52) in an 
intermediate region (222) between said first 
region (221) and said second region (223) in a 
disposing density intermediate between the 
disposing densities in the first region (221) and as 
second region (223). 

3. The method according to claim 2, characterized in 
that said first region (221 ), said intermediate region 
(222) and said second region (223) are arranged in so 
the order mention as viewed from the proximal end 

of said tubular member (4). 

4. The method according to claim 1 , characterized in 
that a supply source of the first linear member (51 ) ss 
and a supply source of the second linear member 
(52) are rotated around said tubular member (4) 
and the relative rotating speeds of these supply 



sources are adjusted so as to adjust the disposing 
densities of the first and second linear members 
(51 , 52) on said tubular member (4). 

5. The method according to claim 1 , characterized in 
that said first linear member (51) has a flexural 
rigidity higher than that of said second linear mem- 
ber (52). 

6. The method according to claim 1 , characterized by 
further comprising steps of: 

melting at least partially the first and second 
linear members (51, 52) disposed on the tubu- 
lar member (4) so as to mix or fuse; and 
solidifying these first and second linear mem- 
bers (51, 52). 

7. The method according to claim 1 , characterized by 
further comprising steps of: 

covering the first and second linear members 
(51, 52) disposed on the tubular member (4) 
with a heat shrinkable tube; 
heating the first and second linear members 
(51 , 52) covered with the heat shrinkable tube, 
thereby melting at least partially the first and 
second linear members (51, 52) so as to mix or 
fuse; and 

solidifying these first and second linear mem- 
bers (51, 52). 

8. The method according to claim 1, characterized by 
further comprising a step of disposing the first linear 
member (51) alone in a region on the side of the 
proximal end relative to said first region (221). 

9. The method according to claim 1 , characterized by 
further comprising a step of disposing the second 
linear member (52) alone in a region on the side of 
the distal end relative to said second region (223). 

10. A catheter (1) comprising a tubular member (4) 
having a proximal end and a distal end, and defin- 
ing an inner lumen between the proximal end and 
the distal end, the catheter (1) characterized by 
comprising: 

a first resin layer disposed on a first region 
(221) of said tubular member (4) and consti- 
tuted by a first resin material formed into a 
dense spiral or mesh and a second resin mate- 
rial formed into a sparse spiral or mesh; and 
a second resin layer disposed on a second 
region (223) of said tubular member (4) and 
constituted by the second resin material 
formed into a dense spiral or mesh and the first 
resin material formed into a sparse spiral or 
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mesh. 

11. The catheter according to claim 10, characterized 
by further comprising a resin layer disposed in an 
intermediate region (222) between said first region 5 
(221) and said second region (222) of said tubular 
member (4) and consisting of said first resin mate- 
rial disposed in the form of a spiral or mesh in a dis- 
posing density intermediate between the disposing 
densities in the first and second regions (221 , 223) 10 
and said second resin material disposed in the form 

of a spiral or mesh in a disposing density intermedi- 
ate between the disposing densities in the first and 
second regions (221, 223). 

75 

12. The catheter according to claim 11, characterized 
in that said first region (221), said intermediate 
region (222) and said second region (223) are posi- 
tioned in the order mentioned as viewed from the 
proximal end of the tubular member (4). 20 

13. The catheter according to claim 11, characterized 
by further comprising a resin layer formed of said 
first resin material alone and disposed in a region 

on the side of the proximal end relative to the first 25 
region (221 ) of the tubular member (4). 

14. The catheter according to claim 12, characterized 
by further comprising a resin layer formed of said 
second resin material alone and disposed in a 30 
region on the side of the distal end relative to the 
second region (222) of said tubular member (4). 

15. The catheter according to claim 10, characterized 

in that 35 

second resin layers consisting of the second 
resin material in the form of a dense spiral or 
mesh and the first resin material in the form of 
a sparse spiral or mesh are disposed in two 40 
second regions (23, 25) on the sides of the 
, proximal end and the distal end, respectively, of 
the first region (24) of said tubular member (4); 
and 

the second region (23) on the side of the proxi- 45 
mal end, the first region (24), and the second 
region (25) on the side of the distal end are 
positioned in the order mentioned as viewed 
from the proximal end of said tubular member 
(4). 50 

16. The catheter according to claim 15, characterized 
by further comprising a resin layer formed of said 
first resin material alone and disposed in a region 

on the side of the proximal end relative to the sec- ss 
ond region (23) on the side of the proximal end. 

17. The catheter according to claim 15, characterized 
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by further comprising a resin layer formed of said 
second resin material alone and disposed in a 
region on the side of the distal end relative to the 
second region (25) on the side of the distal end. 

18. The catheter according to claim 10, characterized 
in that the first resin material has a flexural rigidity 
higher than that of the second resin material. 

19. The catheter according to claim 10, characterized 
in that each of said first and second resin layers is 
formed by melting at least partially the first resin 
material and the second resin material to mix or 
fuse these first and second resin materials, followed 
by solidifying the mixed or fused resin materials. 

20. The catheter according to claim 10, characterized 
in that at least one of said first and second resin 
materials is partially melted to retain the skeleton 
thereof. 

21. The catheter according to claim 10, characterized 
in that said first and second resin layers are formed 
in regions excluding the distal end portion of said 
tubular member (4). 

22. The catheter according to claim 10, characterized 
by further comprising a reinforcing layer (41 ) made 
of a metal and covering said tubular member (4). 

23. The catheter according to claim 22, characterized 
In that said reinforcing layer (41) consists of a 
braided body of a metal wire or a metal ribbon. 

24. The catheter according to claim 10, characterized 
by further comprising a low friction layer (43) 
formed on the inner surface of said tubular member 
(4). 

25. The catheter according to claim 1 0, characterized 
by further comprising an outer layer (6) formed on 
said first and second resin layers. 

26. A method for manufacturing a catheter character- 
ized by comprising steps of: 

preparing a first linear member (51) made of a 
first resin material, a second linear member 
(52) made of a second resin material, and a 
mandrel (8); 

disposing said first linear member (51) in the 
form of a dense spiral or mesh on a first region 
of said mandrel (8) and in the form of a sparse 
spiral or mesh on a second region of said man- 
drel (8); 

disposing said second linear member (52) in 
the form of a sparse spiral or mesh on the first 
region of said mandrel (8) and in the form of a 
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dense spiral or mesh on the second region of 
said mandrel (8); 

melting at least partially said first and second 
linear members (51 , 52) disposed on said man- 
drel so as to mix or fuse; 5 
solidifying these first and second linear mem- 
bers (51, 52); and 

drawing out said mandrel (8), thereby forming a 
catheter (1) comprising a resin layer (5) having 
a proximal end and a distal end, and defining 10 
an inner lumen extending between the proximal 
end and the distal end. 

27. A catheter comprising a resin layer having a proxi- 
mal end and a distal end, and defining an inner is 
lumen extending between the proximal end and the 
distal end, characterized in that a first region of said 
resin layer (5) consists of a first resin layer consti- 
tuted by a first resin material formed into a dense 
spiral or mesh and a second resin material formed 20 
into a sparse spiral or mesh, and a second region of 
said resin layer (5) consists of a second resin layer 
constituted by the second resin material formed into 
a dense spiral or mesh and the first resin material 
formed into a sparse spiral or mesh. 25 
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